Circular DNA molecules measuring approximately 5 ,u in contour length have been reported to occur in mitochondrial preparations from bird,1' 2 amphibian,3 and mammalian species.3-5 Examination of other species including invertebrates and various plant groups must be accomplished before a generalization can be made regarding circularity and length of mitochondrial DNA molecules. During the course of our studies on mitochondrial heterogeneity in baker's yeast,6' 7we analyzed the DNA from mitochondria of a wild-type and of a vegetative-petite mutant using a modified Kleinschmidt8 technique for monolayering DNA from osmotically disrupted organelles.A While it was not entirely unexpected that the DNA's of wild-type and petite would be different,9 there were some surprising results in these experiments. There was considerable variation in DNA filament length within the wild-typestrain samples, which contrasted sharply with the relative uniformity of contour length found for vertebrate mitochondrial DNA.1-5 Also, whereas wild-type molecules exhibited a predominantly circular configuration, the DNA from petite mitochondria occurred principally in the form of two-ended rods of varying lengths. Although there has been some controversy over the occurrence of DNA in mitochondria from petites of yeast,91-2 the present data confirm its occurrence at least in the one strain which was examined. The existence of a heterogeneous population of DNA molecules in mitochondria has obvious genetic implications in the central problem of the role of mitochondrial DNA in the cellular economy.
treatment the cells were sedimented, washed with 3 vol 0.9 Al sorbitol, and suspended in 2 vol of 0.25 AI sucrose-i mMl EDTA in 0.05 AI KPO4 buffer, pH 6.8, to be lysed using a Vortex mixer. '6 The brei was centrifuged twice at 2000 X g to remove intact cells and debris, and the resulting supernatant was sedimented at 10,00() X g for 20 min to collect the mitochondrial particles. The 1),000 X g particles were washed once with 20% sucrose-i mM EDTA in 0.05 Al KPO4 buffer, pH 6.8, and resedimented at 10,000 X g. The washed particles were suspended in 50 /Ig per ml deoxyribonuclease-I-0.25 II sucrose-) mM MgCl2 and incubated at 370C for 30-40 min to remove any contaminating nuclear D)NA. "8 The particles then were sedimented at 10,000 X g and washed with saline-ED)TA, pH 8.0,19 to inhibit further enzyme action. After this, the particles were centrifuged again at 10,000 X g and suspended in a small volume of a 1:10 dilution of SSC (SSC = 0.15 Al NaCl; 0.015 AII Na citrate) for immediate use in monolayering.
All operations were performed at 0-40C except for the mercaptoethylamine and glusulase steps. Isolation of mitochondrial DNA: In one experiment DNA was extracted from wild-type mitochondria rising a modification of the method of du Buy et al. ' 8 Mitochondria were collected as described above and treated for 30 min at 370C with 50 .)g per ml deoxyribonuclease-I in 0.25 M sucrose-5; mM M\gCl2, washed with saline-EDTA, and lysed in 1:10 SSC containing 1% sodium lauryl sulfate during heating at 60'C for 10 min.'8 The suspension was cooled to 370C using an ice bath, and 100 jg per ml pronase (Calbiochem) was added for incubation overnight at 370C.
An equal volume of chloroform-isoamyl alcohol'9 was added to the mitochondrial suspension and shaken vigorously for 30 min. The suspension then was centrifuged at 13,000 X g for 5 min and the aqueous phase was removed. Concentrated SSC"9 was added to the 1:10 SSC of the aqueous phase to constitute the standard SSC concentration and pancreatic ribonuclease (previously heated to 80'C for 10 min) was added to obtain 50 Mg per ml of enzyme for incubation at 370C for 30 min to remove RNA. 18 This was followed by a second Sevag deproteinization,19 and the aqueous phase was dialyzed overnight against two changes of SSC. 18 The DNA was collected in SSC from the dialysis bag and its concentration was determined by absorption at 260 mp.20
Aliquots of the DNA solution were used for monolayering.
Al1onolayering DIVA: Freshly isolated mitochondria were monolayered essentially according to Nass.' The mitochondria were diluted with ice-cold 4 M ammonium acetate-0.01% cytochrome c. Approximately 0.1 ml of the mitochondrial dilution was allowed to flow down from a 1-ml long-tipped pipette along a vertically held glass rod2' onto a hypophase of ice-cold glassdistilled water in a Teflon-lined 8-X 8-X 2-in. pan. The edges of the expanding film were determined by the talc boundary on the hypophase. Ten ,g per ml deoxyribontuclease-I and 5 mMI MgCl2 were added to some preparations prior to spreading,5 and remained in contact with the osmotically released mitochondrial 1)NA for 3-5 min before film samples were collected on grids. Slightly different conditions were used for isolated DNA. The DNA solution was diluted to 2 Ag per ml in 2 Al ammonium acetate-0.01% cytochrome c,8 and about 0.1 ml of the dilution was allowed to flow down a glass slide, inclined at 30°, onto the ice-cold distilled water hypophase in a paraffin-coated glass Petri dish. Talc particles served to delineate the film boundary.
Platinum shadowing of grids: Samples of DNA were picked tip from the monolayer films, after they had stopped expanding, by touching the film with collodion-coated, carbon-stabilized, 400-mesh nickel grids. The grid samples were dehydrated in absolute ethanol for 30 sec, drained on lens paper, and stored for no longer than 1 hr prior to shadowing. Wheti a sufficient number of grids was obtained they were arranged on a specimen holder (Delaware Sci. Co.) and placed on a rotary turntable (Ladd Res. Instr., Inc.) so that they were 6.0-7.5 cm from the tungsten wire holder on which 4 cm of Pt/Pd (80:20) wire was wound, and at an angle of 7. The Pt was evaporated ill a Cenico instrument for 2-3 min in a vacuum of less than 10-i mm Hg, while the grids rotated at 12 rpm.
Electron microscopy: The grids were scanned with an RCA EMU-3G electron microscope operated at 50 or 100 kv at an initial plate magnification of 10,000 times. Photographs were enlarged up to 42,000 times for measurements of molecule length using a Dietzgen map measurer.
The magnifications were calibrated with a replica of a diffraction grating (Fuillam; 28,800 L/in.).
Results.-Circular DNA filaments were found in all preparations of wild-type ( Fig.   1 ) and petite mitochondria (Fig. 2) (Figs. 1 and 3) .
The distribution of filament lengths was quite different in samples of osmotically disrupted mitochondrial DNA which had been exposed to deoxyribonuclease in the monolayer film (Fig. 1) . Of the 28 molecules measured, 25 were rod-shaped fibers .r a- (Fig. 1) . The size distribution of the two-ended DNA molecules was similar to that which was found in the three experiments using osmotically disrupted mitochondrial DNA from spheroplast lysates.
Two separate experiments were performed using 10,000 X g particles isolated from spheroplast lysates of the suppressive petite D310-2A-184. There were six circles among the 38 measured filaments, varying in contour length from 0.6 to 8.8 tZ (Fig.  2) . These circular molecule sizes were the same as some which were found among the wild-type DNA preparations from spheroplasts. The size distribution of DNA filaments with two free ends was within the broad range found for all wild-type preparations, and considerably more variable than the deoxyribonuclease control sample of the wild-type isogenic strain. The number of measurable circles was small since most of the filaments were considerably twisted (Figs. 4 and 5) .
In some earlier experiments using 5000 X g particles, large circular molecules were observed occasionally. A number of these were photographed and measured although they clearly were different from the DNA fibers observed in the same prepa- forms. The Lrge circles always were thicker than the DNA fibers also observed (Fig. 6 ) and showed irregularity of molecule width in contrast with the uniform thickness of D'NA fibers.
Discussion.--Although most of the data were collected from DNA released from osmotically disrupted mitochondria, there was remarkable uniformity between similar experiments for the same strain. Because of this consistency, it is unlikely that the heterogeneity of DNA molecules was due to the occurrence of contaminating microorganism DNA. This might be responsible for some of the observed molecules, however, since aseptic conditions are not observed during any of the handling steps before or during monolayering. By far the greatest amount of material ill any preparation was mitochondrial, and it is logical that most or all of the observed DNA was from this source.
There was a striking difference between results from Nossal preparations and those from spheroplast lysates. The occurrence of 90 per cent two-ended filaments in mechanically disrupted cell materials and only 22 per cent rods in spheroplast preparations can be interpreted most easily as a consequence of different degrees of mitochondrial damage during isolation. Other studies'6' 22 have shown clearly that mechanically broken cell preparations exhibit marked damage when analyzed using conventional biochemical and physiological assays.
The occurrence of six measurable circular DNA molecules among a total of 38 photographed filaments from the two experiments using petite spheroplasts, at least suggests that some if not all petite mitochondrial DNA is circular. These filaments were of the same lengths as had been found in wild-type preparations, which makes it more probable that they were petite mitochondrial molecules rather than contaminant DNA circles from other microorganisms. It is possible that mitochondrial DNA from petites is more fragile than from wild-type organelles, but it is equally possible that a proportion of the mitochondrial DNA molecules from petites exists as rods in vivo. As was shown so beautifully by Spiegelman and his co-workers for OX174," 24 there is a functional difference between intact and fragmented circular DNA molecules. Perhaps the petite mitochondrial phenotype is a consequence of impaired DNA function during transcription, which is one of the demonstrated mitochondrial activities.2' Further experiments can be performed to test these alterlnative possibilities. Under the conditions which were used, it is unlikely that the circular molecules were formed by the joining of cohesive ends of linear molecules as has been demonstrated for some bacteriophages.26
There 
